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Abstract
Background: Advances in medical technology may be increasing the population of children who
are technology-dependent (TD). We assessed the proportion of children discharged from a
children's hospital who are judged to be TD, and determined the most common devices and
number of prescription medications at the time of discharge.
Methods: Chart review of 100 randomly selected patients from all services discharged from a
children's hospital during the year 2000. Data were reviewed independently by 4 investigators who
classified the cases as TD if the failure or withdrawal of the technology would likely have adverse
health consequences sufficient to require hospitalization. Only those cases where 3 or 4 raters
agreed were classified as TD.
Results: Among the 100 randomly sampled patients, the median age was 7 years (range: 1 day to
24 years old), 52% were male, 86% primarily spoke English, and 54% were privately insured. The
median length of stay was 3 days (range: 1 to 103 days). No diagnosis accounted for more than 5%
of cases. 41% were deemed to be technology dependent, with 20% dependent upon devices, 32%
dependent upon medications, and 11% dependent upon both devices and medications. Devices at
the time of discharge included gastrostomy and jejeunostomy tubes (10%), central venous catheters
(7%), and tracheotomies (1%). The median number of prescription medications was 2 (range: 0–
13), with 12% of cases having 5 or more medications. Home care services were planned for 7% of
cases.
Conclusion: Technology-dependency is common among children discharged from a children's
hospital.
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Background
What proportion of children discharged from children's
hospitals are technology-dependent (TD)? Advances in
medical technology over the past century have profoundly
changed the landscape of pediatric ambulatory and hospi-
tal care [1-3]. Through the combined effects of pharma-
ceuticals and medical devices, parents and health care
professionals now care for a population of children who
depend on medical technology to live or remain in their
current state of health.
TD children and the complexity and costs of their care
gained widespread attention in the United States during
the 1980s. In a November 1981 news conference Presi-
dent Reagan cited the case of Katie Beckett, a 3-year-old
Iowa girl who (due to lack of any means to fund home
care) had lived in a hospital since having viral encephalitis
at 3 months of age [4]. Two days later, a special waiver was
issued for Ms. Beckett's case [5], and by the following
summer the Secretary of the US Department of Health and
Human Services had established a waiver program that
enabled an individual residing at home to continue to be
covered by Medicaid and receive Medicaid-funded long
term care services [6]. In December 1982, the US Surgeon
General sponsored a conference that focused on the exam-
ple of "the ventilator-dependent child" [7]. Then in 1984
the US Supreme Court ruled that a child with spina bifida
who required clean intermittent catheterization had the
right to receive such a service in the school setting in order
to benefit from special education [8].
The well-being of TD children, and the effect that caring
for these children has on the well-being of their families
and of society, is an important concern for clinicians, eth-
icists, and healthcare policy analysts [9]. The goals of max-
imizing the well-being of TD children, their families, and
society (Figure 1) are supported by information generated
by various studies such as an evaluation of pediatric
home-ventilator programs [10]; cross-sectional observa-
tional population-based epidemiologic studies docu-
menting the prevalence of technology-dependent
children [11-14]; and surveys focusing on the health, psy-
chosocial, and financial impact on mothers, parents, and
families [15-23]. Given that dependence on technology is
a complex multidimensional construct (Figure 2), each of
these studies has had to define "technology-dependent," a
task that has fundamental implications for the ensuing
research. The most commonly cited definition of TD orig-
inated in a 1987 report issued by the former federal Office
of Technology Assessment (OTA), which proposed as a
"working definition" the scheme outlined in Figure 3[11].
The OTA report underscored how their hierarchical defini-
tion reflected both consensus expert opinion that OTA
groups I-III were technology-dependent and the govern-
ment's desire to limit expenditures by excluding OTA
group IV from the definition, since the prevalence of chil-
dren meeting the group IV definition was so large.
Our research group, in an effort to improve the quality of
services offered to hospitalized technology-dependent
children and their families, developed a definition of TD
children that emphasizes the failure consequence dimen-
sion of the TD construct. As indicated in Figure 3, we spec-
ified children as TD if the failure or cessation of a device
or drug that they were using would have the likely conse-
quence of a required hospitalization. While our definition
does not explicitly encompass other dimensions of the TD
construct, hospitalization would also be indicative of
greater hindrance, system-reliance, and cost. Of note, our
definition did not specify a minimal duration of depend-
ency, since from a quality-improvement perspective the
duration of dependency is not necessarily the most impor-
tant dimension of the underlying TD construct. Although
most studies of TD have focused only on reliance on
machines or devices, we also considered medications as a
form of technology, in keeping with the definition of tech-
nology put forth in the OTA report [11], and in keeping
with our underlying concern regarding the effectiveness,
safety, and burden of medical interventions that persist
beyond the period of hospitalization.
Guided by this definition, we sought to determine the
proportion of children discharged from a tertiary care
children's hospital who are TD, describe their characteris-
tics, and examine aspects of the care provided to these
children upon discharge.
Methods
After obtaining Human Subjects Research Committee
approval, we conducted a retrospective cohort study of a
random sample of 100 patients admitted to Children's
Hospital and Regional Medical Center in Seattle, Wash-
ington, a regional tertiary care center with approximately
11,000 hospitalizations annually. Electronic administra-
tive data regarding all discharges during calendar year
2000 was used to select the subjects using a random
number table. Eligible subjects included all pediatric
patients admitted to any hospital service and of any age;
adults admitted for the purpose of tissue or organ dona-
tion to a pediatric patient were excluded. For subjects who
were discharged more than once during 2000, we ran-
domly selected a single hospitalization episode. No
patient was randomly selected twice.
For all 100 randomly-selected eligible hospitalizations of
100 patients, two investigators conducted a structured
hospitalization chart review and abstraction using a data
collection instrument. Prior to the conduct of this study,
we had developed this data collection instrument specifi-
cally for this project, and pilot tested the instrument byBMC Pediatrics 2005, 5:8 http://www.biomedcentral.com/1471-2431/5/8
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having both investigators independently abstracting the
same series of 5 hospitalization records and refining the
instrument to assure consistent agreement regarding the
abstracted data. Data collected included demographic
information, all documented diagnoses, procedures, tech-
nology use, medication orders, feeding orders, and nurs-
ing orders, as well as whether home nursing services were
ordered for post-discharge care.
Four investigators, consisting of three pediatricians and
one nurse with a range of 6 to 40 years experience caring
for children with special health care needs, then inde-
pendently reviewed all 100 chart abstractions and deter-
mined whether each subject at the time of discharge from
the hospital met the definition specified in Figure 3. We
also sought to situate the construct of TD within the con-
struct of children with special health care needs (CSHCN),
which has been defined by the Maternal and Child Health
Bureau of the United States as: "All children who have, or
are at increased risk for, chronic physical, developmental,
behavioral, or emotional conditions and who also require
health and related services of a type or amount beyond
that required by children generally." The MCHB defini-
tion is further refined by the definition of "chronic" as
conditions expected to last 6 months or longer.
Given limitations in the data available in the hospitaliza-
tion record and the nature of the TD and CSHCN defini-
tions, the 4 investigators had to employ their knowledge
and judgment to make the determination of TD or
Goal and means for the understanding of technology-dependency Figure 1
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CSHCN. To assess the degree of consensus in these judg-
ments, we used a 4-rater kappa statistic to compare the
four evaluators' independent dichotomous ("yes or no")
classifications of each subject regarding TD (kappa = 0.56)
and CSHCN (kappa = 0.59). These values for the 4-rater
kappa indicate moderate verging on good agreement. For
the subsequent analysis of the data, only those cases
where 3 or 4 raters independently classified the subject as
either TD or CSHCN were considered to be TD or CSHCN.
Examples of cases where only 2 of the 4 investigators
interpreted the chart abstract data as indicated TD (and
thus were not considered TD for the purposes of this
study) included: a patient with the diagnoses of a brain
tumor and obstructive hydrocephalus but no documented
evidence of a cerebrospinal fluid shunt; a patient with a
diagnosis of a malignancy but no documentation of dis-
charge medications; and several instances of patients diag-
nosed with apparent persistent asthma but no
documentation of a controlled medication having been
prescribed at the time of discharge.
Characteristics of the sample subjects were then examined
by calculating medians, ranges, and proportions. Infer-
ences drawn from this random sample regarding the com-
position of the complete source population (that is, all
children discharged from this hospital) were expressed as
95% confidence intervals of the sample proportions,
derived from the binomial distribution. All analyses were
conducted using Stata 8.2 (StataCorp, College Station,
TX).
Results
Within our random sample of 100 patients admitted to a
regional pediatric tertiary care center (Table 1), the mean
age was 7.6 years (median 7.1 years). Just over half (52%)
of the subjects were male. The majority (86%) were
identified as speaking English as their primary language,
and 54% as covered by private insurance.
The primary reasons for hospitalization (Table 2) were led
by cancer and the treatment of cancer (15%), followed by
respiratory infections (9%), asthma (5%), gastroenteritis
(5%), appendicitis (4%), epilepsy or seizures (3%), and
the malfunction of a device or graft (3%). Most patients
stayed 3 days or less (59%), although 14% of subjects
were hospitalized 8 days or more (maximum of 103 days)
during this hospitalization. Most subjects were discharged
to home (91%), one subject died during the hospitaliza-
tion, and 3% were transferred to another facility. Home
nursing care was arranged for 8% of the subjects, and 7%
had other forms of home care ordered.
A quarter of all subjects (26%) used some form of medical
device (Table 2), including gastrostomy or jejenonostomy
tubes (10%), central venous catheters (7%), medication
Dimensions of dependency on technology Figure 2
Dimensions of dependency on technology. Examples 
enclosed in parentheses are meant only to illustrate 
extremes of the dimensions. CSF, cerebrospinal fluid; MDI, 
metered dose inhaler.
Definitions of technology-dependent Figure 3
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nebulizer (7%), ventriculoperitoneal cerebrospinal fluid
shunts (2%), or tracheotomies (1%). Only 18% of sub-
jects were discharged from the hospital with no medica-
tions ordered, whereas the majority of subjects (61%) had
2 or more prescriptions ordered, and 12% had 5 or more
medications ordered. Focusing on one parameter that
contributes to the burden of care – namely, the number of
times each day that any form of any medication was
ordered to be administered – 12% of subjects were
ordered at the time of discharge to have between 10 and
22 daily medication administrations.
On the basis of information contained in the hospitaliza-
tion record, 41% of all subjects were judged as being
dependent on some form of technology, specifically 20%
being dependent upon medical devices, 32% being
dependent upon medications, and 11% being dependent
upon both medical devices and medications (Figure 4).
Among the subjects deemed to be dependent upon medi-
cations, the most prevalent clinical circumstances were
children receiving either anti-epileptic drugs, long-term
anti-inflammatory therapy, or anti-neoplastic and related
medications, with other children dependent upon insu-
lin, long-term analgesic medications, or anti-gastrointesti-
nal reflux drugs. Fifty-eight percent of all subjects were
deemed to meet the MCHB criteria of children having spe-
cial health care needs.
TD patients were older than non-TD patients (median age
category 10–14 years versus 1–4 years, respectively, p =
0.01), and were less likely to be covered by private insur-
ance than non-TD patients (43.9% versus 61%, p = 0.06).
TD patients were discharged with a greater number of pre-
scriptions than patients without TD (mean 4.1 versus 1.3,
p < 000.1, with the respective ranges being 0 to 15 versus
0 to 3). Overall, TD patients were not more likely to
receive home services than non-TD patients (14.6%
versus 8.5%, p = 0.3), but those patients dependent upon
devices were more likely to receive home care than
patients without device dependency (25% versus 7.5%, p
= 0.03).
Discussion
This detailed review of 100 randomly selected patients
admitted to a regional pediatric tertiary care center in the
year 2000 suggests that a sizable proportion of all admit-
ted patients (41%) are substantially dependent upon
some form of medical technology in order to avoid dete-
rioration in health that would necessitate hospital
admission.
Our findings need to be interpreted in the context of this
study's limitations. First, the degree to which the results
can be generalized beyond the year 2000 for this single
institution, serving as a tertiary referral center for a multi-
state region in the Pacific Northwest, is unclear. An analy-
sis of pediatric hospitalization time-trends in Washington
State revealed that the care of children with complex med-
ical conditions increasingly is concentrated in pediatric
referral centers [24], suggesting that TD children may
Table 1: Demographic characteristic of subjects
Percentage (%) (n = 100) 95% CI
Age
Less than 1 month 7 3 – 14
1 – 11 months 15 9 – 24
1 – 4 years 21 13 – 30
5 – 9 years 21 13 – 30
10 – 14 years 24 16 – 34
15 – 24 years 12 6 – 20
Gender
Male 52 42 – 62
Female 48 38 – 58
Language
English 86 78 – 92
Spanish 7 3 – 14
Other 3 0.1 – 9
Unknown 4 0.1 – 10
Principal Insurance
Private 54 44 – 64
Government 40 30 – 50
Self-insured or none 4 1 – 10
Unknown 2 0.2 – 7BMC Pediatrics 2005, 5:8 http://www.biomedcentral.com/1471-2431/5/8
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compose an enlarging proportion of discharges from chil-
dren's hospitals. Second, the study's random sample of
100 distinct child discharges, while providing
representative estimates of characteristics of all patients
discharged from this hospital, is not as precise as a larger
sample would be. For example, the small sample likely
explains why certain technologies such as oxygen therapy,
ventilator support, or renal dialysis were not observed.
Third, the classification of patients into the categories of
TD or CSHCN required the use of individual raters' judg-
ment. While agreement among the 4 raters was moderate
to good, we only classified patients into these categories if
3 of 4 raters agreed, thereby improving specificity but at
the loss of sensitivity, so that our data may underestimate
the proportions of both TD and CSHCN children. Finally,
our study measures only a few attributes of care that can
make care burdensome; the study also has no information
regarding post-discharge occurrences, such as adherence
to discharge instructions, the adequacy of follow-up
ambulatory care, or unintended hospital readmissions.
Table 2: Medical characteristics of subjects
Percentage (%) (n = 100) 95% CI
Most frequent diagnostic categories *
Neoplasm and chemotherapy 15 9 – 24
Respiratory infections 9 4 – 16
Asthma 5 2 – 11
Gastroenteritis 5 2 – 11
Appendicitis 4 1 – 10
Epilepsy or seizure 3 0.6 – 9
Malfunctioning device or graft 3 0.6 – 9
Length of stay
1 day 10 5 – 18
2 days 25 17 – 35
3 days 24 16 – 34
4–7 days 27 17 – 37
8 to 103 days 14 8 – 22
Devices *
Gastrostomy or jejuenostomy tubes 10 5 – 18
Central venous line 7 3 – 14
Medication nebulizer 7 3 – 14
Ventriculoperitoneal shunt 2 0.2 – 7
Tracheotomy 1 0.03 – 5
Number of medications §
01 8 1 1  –  2 7
12 0 1 3  –  2 9
22 6 1 8  –  3 6
31 6 1 0  –  2 6
4 7 3 – 14
5 or more 12 6 – 20
Number of daily medication administrations noted ‡
0 or PRN 33 24 – 44
1–4 30 21 – 40
5–9 24 16 – 34
10–22 12 6 – 20
Home nursing care 8 4 – 15
Other forms of home care 7 3 – 14
Disposition
Home 91 84 – 96
Transfer 3 0.6 – 9
Death 1 0.03 – 6
Unknown 5 2 – 11
* For the categories of diagnoses and devices, a given subject could be counted multiple times if noted to have had multiple diagnoses or devices. 
§Medications were counted as those medications ordered at the time of discharge from the hospital; accordingly, the one case that died is omitted 
so that n = 99 for this variable as well as "number of daily medication administrations". ‡ Number of daily medication administrations is a count of 
the number of times any medication dose is delivered in a day, so that a count of 10 could indicate 2 medications given 5 times a day, or 10 
medications each given once.BMC Pediatrics 2005, 5:8 http://www.biomedcentral.com/1471-2431/5/8
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These limitations notwithstanding, the prevalence of TD
in this population of hospitalized children suggests that
the phenomenon of technology-dependency warrants fur-
ther study. As suggested by Figure 2, research efforts could
seek a) to advance the performance of the technology, b)
to assist families and care providers in making better deci-
sions about when to adopt specific technologic solutions
to health problems, and c) to improve how the encom-
passing system of health and supportive care maximizes
the benefits of the technology while minimizing the asso-
ciated risks and burdens. Accomplishing these aims
through risk/benefit, cost/effectiveness, and cost/utility
analyses will require more precise quantification of tech-
nologies' benefits, risks, costs, burdens, and broader soci-
etal consequences.
Three specific challenges hinder the pursuit of such a
research agenda. First, no consensus definition of "tech-
nology-dependency" currently exists, either as a yes/no or
as gradations of a technology-dependency classification
scheme, perhaps based on the multidimensional con-
struct proposed in Figure 2. The merits of any particular
definition used to classify children as TD should be
viewed in light of whether the definition can be used read-
ily, reliably, accurately, and consistently for research pur-
poses; and perhaps most important, whether the
definition when applied enables the subsequent analysis
to advance a value-focused research agenda that ulti-
mately maximizes patient, family, and public well-being.
Second, methods to assess the burden of care, quantita-
tively as well as qualitatively, need to be developed. Lack-
ing such measures, evaluations of technology are likely to
underestimate the indirect costs borne by families and
care providers, and broader consequences to society.
Third, better assessment of the value that children, par-
ents, and others place on TD quality of life – and how
these evaluations change over time with increased expo-
sure to the technology and the quality of life that it sup-
ports – is essential not only for cost-utility analyses, but
also to enable children or parents to make better informed
decisions when presented with TD options of care.
Addressing these challenges would enable 1) documenta-
tion of technology-dependency incidence and changes in
prevalence over time; 2) assessment of the impact of
technology-dependency on patients' and families' physi-
cal, psychosocial, and financial well-being throughout an
illness trajectory; 3) identification of health-care providers
and agencies that care for TD children and the economic
ramifications of providing such care; 4) evaluation of how
TD patients and the care that they require affects the
health-care system as well as schools, other social services,
and parental employers; and 5) testing of specific inter-
ventions and management techniques that conceivably
Proportion of subjects with technology dependency or special health care needs Figure 4
Proportion of subjects with technology dependency or special health care needs. The span of each bar represents 
the proportion of the sample that exhibited the specified characteristic. The overlapping position of the bars vis-à-vis each 
other represents the proportion of subjects who exhibited several of these characterizes. Medications, Devices, and Both (medi-
cations and devices) indicate sub-types of technology-dependence.Publish with BioMed Central    and   every 
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influence the burden of TD care. With the information
that such studies would provide, we would be better able
to perform individual- and population-level needs assess-
ment and planning, to develop techniques to lessen bur-
dens and increase the safety and efficacy of TD, and to
create policies to promote high-quality care for these vul-
nerable patients and their families.
Conclusion
A substantial proportion of children discharged from a
regional children's hospital were dependent upon tech-
nology. Further study is required to ascertain the quality
of care received by TD children and their families and then
potentially to improve their outcomes.
Competing interests
The author(s) declare that they have no competing
interests.
Authors' contributions
All authors participated in the design of the study and
interpretation of the data; NLV and BM conducted the
chart reviews; CF and VS performed the data analysis; CF
drafted the manuscript; all authors revised the manuscript
for key intellectual content. All authors read and approved
the final manuscript.
Acknowledgements
This project was supported in part by the Children's Hospital and Regional 
Medical Center Funds for Excellence. Dr. Feudtner was supported by grant 
number K08 HS00002 from the Agency for Healthcare Research and Qual-
ity. We thank Kathy Fennell for her assistance in completing this study.
References
1. Baker JP: The machine in the nursery : incubator technology
and the origins of newborn intensive care. Baltimore , Johns
Hopkins University Press; 1996:x, 247 p.. 
2. Stern A, Markel H: Formative years : children's health in the
United States, 1880-2000. Ann Arbor , University of Michigan
Press; 2002:xvi, 304 p.. 
3. Howell JD: Technology in the hospital : transforming patient
care in the early twentieth century. Baltimore , Johns Hopkins
University Press; 1995:xv, 341 p.. 
4. Treaster JB: Cost President cited for girl's treatment is
described as 'low'. In New York Times New York ; 1981:A25. 
5. Headliners: Home is better. In New York Times New York ; 1981:E9. 
6. Social Security Administration: Supplemental Security Income
for the Aged, Blind, and Disabled; Deeming of Income and
Resources (20 CFR Part 416). 47 Federal Registry 24274 ; 1982. 
7. U.S. Department of Health and Human Services: Report of the Sur-
geon General's Workshop on Children with Handicaps and
Their Families.  Case Example: The Ventilator-Dependent
Child.  U.S. Department of Health and Human Services; 1982. 
8. Chief Justice Burger: Irving Independent School District v.
Tatro.  Volume 468 U.S..  Supreme Court of the United States;
1984:883. 
9. Lantos JD, Kohrman AF: Ethical aspects of pediatric home care.
Pediatrics 1992, 89(5 Pt 1):920-924.
10. Aday LA, Wegener DH, Andersen RM, Aitken MJ: Home care for
ventilator-assisted children.  Health Aff (Millwood) 1989,
8(2):137-147.
11. U.S. Congress Office of Technology Assessment: Technology-
Dependent Children: Hospital v. Home Care. In OTA-TM-H-38
Washington, DC , U. S. Government Printing Office; 1987. 
12. Palfrey JS, Walker DK, Haynie M, Singer JD, Porter S, Bushey B,
Cooperman P: Technology's children: report of a statewide
census of children dependent on medical supports. Pediatrics
1991, 87(5):611-618.
13. Palfrey JS, Haynie M, Porter S, Fenton T, Cooperman-Vincent P, Shaw
D, Johnson B, Bierle T, Walker DK: Prevalence of medical tech-
nology assistance among children in Massachusetts in 1987
and 1990. Public Health Rep 1994, 109(2):226-233.
14. Glendinning C, Kirk S, Guiffrida A, Lawton D: Technology-depend-
ent children in the community: definitions, numbers and
costs. Child Care Health Dev 2001, 27(4):321-334.
15. Quint RD, Chesterman E, Crain LS, Winkleby M, Boyce WT: Home
care for ventilator-dependent children. Psychosocial impact
on the family. Am J Dis Child 1990, 144(11):1238-1241.
16. Patterson JM, Leonard BJ, Titus JC: Home care for medically frag-
ile children: impact on family health and well-being. J Dev
Behav Pediatr 1992, 13(4):248-255.
17. Petr CG, Murdock B, Chapin R: Home care for children depend-
ent on medical technology: the family perspective. Soc Work
Health Care 1995, 21(1):5-22.
18. Fleming J, Challela M, Eland J, Hornick R, Johnson P, Martinson I,
Nativio D, Nokes K, Riddle I, Steele N, Sudela K, Thomas R, Turner
Q, Wheeler B, Young A: Impact on the family of children who
are technology dependent and cared for in the home. Pediatr
Nurs 1994, 20(4):379-388.
19. Thyen U, Terres NM, Yazdgerdi SR, Perrin JM: Impact of long-
term care of children assisted by technology on maternal
health. J Dev Behav Pediatr 1998, 19(4):273-282.
20. Thyen U, Kuhlthau K, Perrin JM: Employment, child care, and
mental health of mothers caring for children assisted by
technology. Pediatrics 1999, 103(6 Pt 1):1235-1242.
21. Curran AL, Sharples PM, White C, Knapp M: Time costs of caring
for children with severe disabilities compared with caring for
children without disabilities.  Dev Med Child Neurol 2001,
43(8):529-533.
22. Roberts K, Lawton D: Acknowledging the extra care parents
give their disabled children.  Child Care Health Dev 2001,
27(4):307-319.
23. Roberts G: Supporting children with serious health care
needs. Analyzing the costs and benefits. Eval Health Prof 2001,
24(1):72-83.
24. Neff JM, Valentine J: Trends in pediatric hospitalization by hos-
pital type and chronic condition status: Washington State
1987-1998.  Academy Health Annual Research Conference  [ h t t p : / /
www.academyhealth.org/childhealth/2002/neff.pdf].
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2431/5/8/prepub